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© Seal assembly for accomodating introduction of surgical instruments. 
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© A seal assembly (10) is provided which includes 
a housing (12) and resilient first seal means (18) 
associated with the housing. The first, seal means is 
preferably a gasket having an aperture (20) formed 
therein for receiving surgical instrumentation adapted 
to cooperate with a dilating means (28) having an 
exterior face associated with the housing for dilating 
the aperture of the gasket- The first seal means and 
the dilating means are adapted for relative move- 
ment therebetween, the first seal means and the 
dilating means assuming a first position wherein the 
aperture of the first seal means is spaced from the 
dilating means and is adapted to receive surgical 
instrumentation of a first diameter with minimal inser- 
tion force, and assuming a second position wherein 
the aperture of the first seal means is stretched 
around the exterior face of the dilating means for 
receiving surgical instrumentationof a second diam- 
eter greater than the first diameter with minimal 
insertion force. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to seal systems which 
are adapted to allow the introduction of surgical 
instrumentation into a patient's body. In particular, 
the invention is applicable to a cannula assembly 
wherein a cannula housing includes or is adapted 
to receive a seal assembly to sealingly accom- 
modate instruments of different diameters inserted 
through the seal assembly and cannula. 

2. Description of the Related Art 

In laparoscopic procedures surgery is per- 
formed in the interior of the abdomen through a 
small incision; in endoscopic procedures surgery is 
performed in any hollow viscus of the body through 
narrow tubes or cannula inserted through a small 
entrance incision in the skin. Laparoscopic and 
endoscopic procedures generally require that any 
instrumentation inserted into the body be sealed. 
i.e. provisions must be made to ensure that gases 
do not enter or exit the body through the incision 
as, for example, in surgical procedures in which the 
surgical region is insufflated. Moreover, 
laparoscopic and endoscopic procedures often re- 
quire the surgeon to act on organs, tissues, and 
vessels far removed from the incision, thereby re- 
quiring that any instruments used in such proce- 
dures be relatively long and narrow. 

For such procedures, the introduction of a tube 
into certain anatomical cavities such as the ab- 
dominal cavity is usually accomplished by use of a 
trocar assembly comprised of a cannula assembly 
and an obturator assembly. Since the cannula as- 
sembly provides a direct passage for surgical in- 
strumentation from outside the patient's body to 
access internal organs and tissue, it is important 
that the cannula assembly maintain a relatively 
gas-tight interface between the abdominal cavity 
and the outside atmosphere. The cannula assem- 
bly thus generally includes a cannula attached to a 
cannula housing containing a seal assembly adapt- 
ed to maintain a seal across the opening of the 
cannula housing. 

Since surgical procedures in the abdominal 
cavity of the body require insufflating gases to 
raise the cavity wall away from vital organs, the 
procedure is usually initiated by use of a Verres 
needle through which a gas such as C02 is intro- 
duced into the body cavity, thereby creating a 
pneumoperitoneum. Thereafter, the pointed obtura- 
tor of the obturator assembly is inserted into the 
cannula assembly and used to puncture the ab- 
dominal wall. The gas provides a positive pressure 
which raises the inner body wall away from internal 



organs, thereby providing the surgeon with a region 
within which to operate and avoiding unnecessary 
contact with the organs by the instruments inserted 
through the cannula assembly. Following removal 
5 of the obturator assembly from the cannula assem- 
bly, laparoscopic or endoscopic surgical instru- 
ments may.be inserted through the cannula assem- 
bly to perform surgery within the abdominal cavity. 
Without the obturator assembly to block the 
70 flow of insufflation gas out from the cavity, other 
structure must be provided to maintain a relatively 
fluid-tight interface between the abdominal cavity 
and the outside atmosphere. Generally in the con- 
text of insufflatory surgical procedures, there are 
75 two sealing requirements for cannula assemblies. 
The first requirement is to provide a substantially 
fluid-tight seal when an instrument is not being 
introduced into or is not already present in the 
cannula. The second requirement is to provide a 
20 substantially fluid-tight seal when an instrument is 
being introduced into or is already present in the 
cannula. Additionally, as endoscopic and 
laparoscopic surgical procedures and techniques 
have advanced, it has become desirable to accom- 
25 modate surreal instrumentation of varying outside 
diameters through a single cannula assembly in a 
given surgical procedure, thereby minimizing the 
number of cannulae required and facilitating effi- 
ciency in the surgical procedure. 
30 To meet the first sealing requirement, various 

seals have been provided for maintaining the 
pneumoperitoneum in the cavity when no trocar or 
other surgical instrument is present in the cannula. 
For example, a pivotally mounted flapper valve 
35 may be provided which pivots open upon insertion 
of an instrument and pivots closed, under a spring 
bias, once the instrument is removed. Conventional 
flapper valves may also be manually opened by 
pivoting a lever provided on the exterior of the 
40 housing. An example of such a flapper valve is 
disclosed in U.S. Patent No. 4,943,280 to Lander. 
Trumpet valves are also well known for use in 
sealing a cannula assembly in the absence of a 
surgical instrument. 
45 U.S. Patent No. 4,655,752 to Honkanen et al. 

discloses a cannula including a housing and first 
and second seal members. The first seal member 
is conically tapered towards the bottom of the 
housing and has a circular opening in its center, 
50 while the second seal member is cup-shaped. The 
second seal member includes at least one slit to 
allow for passage of instruments. 

U.S. Patent No. 4,929,235 to Merry et al. dis- 
closes a self-sealing catheter introducer having a 
55 sealing mechanism to prevent blood or fluid leak- 
age that includes a planar sealing element having a 
slit, and a conical sealing element distal of said 
planar sealing element so that if the distal conical 
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sealing element is moved distally it rests upon the 
planar sealing element, each sealing element being 
adapted to surround a tube. 

U.S. Patent Nos. 4,874,377 and 5,064,416 to 
Newgard et al. relate to a self-occluding in- 
travascular cannula assembly in which an 
elastomeric valving member is positioned trans- 
versely to a housing and is peripherally com- 
pressed to cause displacement, distortion and/or 
rheological flow of the elastomeric material. A 
frustoconical dilator projection is provided which 
cooperates with the elastomeric valving member in 
moving the valving member to a non-occluding 
position. 

U.S. Patent No. 5,104,3838 to Shichman re- 
lates to a trocar adapter seal which is adapted to 
be associated with a cannula assembly and which 
advantageously reduces the diameter of the can- 
nula assembly to accommodate instruments of 
smaller diameter. The trocar adapter seal may be 
removed from the cannula assembly so that the 
cannula assembly may once again accommodate 
instruments of larger diameter. WO 93/04717 to 
Mueller et al. describes a similar trocar adapter 
seal system in which a pair of seal adapter plates 
are slidably mounted to the cannula housing and 
may be selectively positioned transverse the can- 
nula housing aperture for accommodating surgical 
instrumentation therethrough. 

Cannula assemblies have also been developed 
which are provided with a series of resilient sealing 
elements having a central aperture, e.g., commonly 
assigned, co-pending applications EP 0 567 141 
A2 and EP 0 567 1 42 A2. Upon insertion of an 
instrument, the sealing elements resiliently receive 
the instrument, while maintaining a seal around the 
instrument across a range of instrument diameters, 
e.g., 5 to 12mm. Upon withdrawal of the instru- 
ment, a fluid-tight seal is provided by the internal 
sealing elements. 

Although attempts have been made to provide 
a seal assembly as part of or for use in conjunction 
with a cannula assembly which maintains the integ- 
rity of the seal between the body cavity and the 
atmosphere outside the patient's body, seal sys- 
tems provided to date have failed to address the 
full range of surgeons' needs, especially when it is 
desired to utilize different instruments having dif- 
ferent diameters therethrough. 

SUMMARY OF THE INVENTION 

The present invention provides a seal assem- 
bly "which will allow a surgeon to efficaciously uti- 
lize instruments of varying diameter in a surgical 
procedure. The seal assembly of the invention ob- 
viates the need for multiple adapters to accom- 
modate instruments of varying diameter by provid- 



ing a dilating funnel which is adapted to spread 
open the aperture of a seal member, thereby allow- 
ing the seal member to receive larger instrumenta- 
tion with minimal force required on the part of the 
5 user. 

In accordance with the present invention a seal 
assembly is provided which comprises a housing 
and resilient first seal means associated with the 
housing, the first seal means having an aperture 

10 formed therein for receiving surgical instrumenta- 
tion. In one embodiment, the first seal means is a 
substantially planar, resilient gasket that is mounted 
transverse with respect to the housing. The seal 
assembly further includes dilating means associ- 

15 ated with the housing for dilating the aperture of 
the first seal means. The first seal means and the 
dilating means are adapted for relative movement 
therebetween, such that the first seal means and 
the dilating means assume a first position wherein 

20 the aperture of the first seal means is spaced from 
the dilating means and is adapted to receive sur- 
gical instrumentation of a first diameter with mini- 
mal insertion force, i.e., less than about 2 lbs. and 
preferably less than about 1 lb., and assume a 

25 second position wherein the aperture of the first 
seal means is stretched around the exterior face of 
the dilating means for receiving surgical instrumen- 
tation of a second diameter greater than the first 
diameter with minimal insertion force, i.e., less than 

30 about 2 lbs. and preferably less than about 1 lb. 

Preferably, the housing is adapted to be asso- 
ciated with a cannula assembly which includes a 
cannula housing and a tubular cannula. The can- 
nula assembly may include a second seal means 

35 positioned within the cannula housing, such second 
seal means preferably comprising a distally di- 
rected duckbill member. The second seal means 
may also comprise a second substantially planar, 
resilient gasket that is mounted transverse with 

40 respect to the cannula housing, the aperture of the 
second resilient gasket being of larger diameter 
than the aperture of the resilient gasket found in 
the sealing assembly. The second seal means 
preferably provides a substantially fluid-tight seal in 

45 the absence of a surgical instrument passed there- 
through. This substantial fluid-tight seal need only 
be provided, however, when the cannula assembly 
is introduced to an insufflated body cavity, in which 
case the positive pressure within the body cavity 

so may force the distal faces of the prieferred duckbill 
member into sealing abutment with each other. 

The housing of the seal assembly of the inven- 
tion may comprise a bellows structure which is 
adapted to assume an extended position which 

55 corresponds to the first position of the. first seal 
means and the dilating means, and a collapsed 
position which corresponds to the second position 
of the first seal means and the dilating means. The 
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bellows structure may be encased within a rigid 
outer frame which defines a constant axial dimen- 
sion for the seal assembly of the invention or, in 
the absence of such outer frame, movement of the 
bellows structure to the collapsed position may 
reduce the overall axial dimension of the seal as- 
sembly. The seal assembly may further comprise a 
flange associated with the bellows structure for 
moving the bellows structure between the extended 
position and the collapsed position. Biasing means, 
e.g., a spring, may be provided for biasing the 
bellows structure to the extended position. Alter- 
natively, the resilience of the material from which 
the bellows structure and/or the first sealing means 
are fabricated may serve to bias the bellows struc- 
ture to the extended position. A vent may also be 
provided between the interior of the bellows struc- 
ture and the dilating means such that air within the 
bellows structure has a path of egress when the 
bellows structure is collapsed. To prevent unaccep- 
table gas leakage from the insufflated body cavity 
when such vent is provided, the bellows structure 
preferably cooperates with adjoining structures to 
define a substantially fluid-tight region, with the 
exception of the vent described above. 

As noted above, the second seal means posi- 
tioned within the cannula assembly may include a 
substantially planar gasket. This gasket is prefer- 
ably positioned proximal the distally directed duck- 
bill member. In such case, the dilating means may 
include a proximally directed dilating funnel for 
spreading the gasket associated with the seal as- 
sembly of the invention and a distally directed 
member which is adapted to contact and expand 
the planar gasket of the second seal means for 
efficacious receipt of surgical instrumentation there- 
through. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing features of the present invention 
will become more readily apparent and will be 
better understood by referring to the following de- 
tailed description of preferred embodiments of the 
invention, which are described hereinbelow with 
reference to the drawings wherein: 

Fig. 1 is a perspective view of one embodiment 
of the seal assembly of the present invention; 
Fig. 2 is an exploded view with parts separated 
of the embodiment of Fig. 1 ; 
Fig. 2A is an exploded view with parts separated 
of a portion of a cannula assembly which is 
adapted to be associated with the seal assembly 
of Fig. 2; 

Fig. 3 is a partial cross-sectional view of the seal 
assembly illustrated in Figs. 1 and 2 associated 
with the cannula assembly of Fig. 2A, which 
shows a seal member of the present invention in 



a non-dilated position; 

Fig. 4 is a partial cross-sectional view of the seal 
assembly similar to Fig. 3, except that the flange 
of the seal assembly is shown depressed so 

5 that the aperture of the seal member is dilated 

to the size of the opening of the dilator member; 
Fig. 5 is an exploded view with parts separated 
of another embodiment of the seal assembly of 
the present invention; 

w Fig. 5A is an exploded view with parts separated 
of a portion of a cannula assembly which is 
adapted to be associated with the seal assembly 
of Fig. 5; 

Fig. 6 is a partial cross-sectional view of the 

15 embodiment of Fig. 5, which shows a seal mem- 
ber of the embodiment in a non-dilated position; 
Fig. 7 is a partial cross-sectional view of the 
embodiment of Fig. 5, which shows the flange of 
the seal assembly depressed so that the ap- 

20 erture of the seal member is dilated to the size 
of the opening of the dilator member; 
Fig. 8 is an exploded view with parts separated 
of another embodiment of the seal assembly of 
the present invention; 

25 Fig. 9 is a partial cross-sectional view of the 
embodiment of Fig. 8, which shows a seal mem- 
ber of the embodiment in a non-dilated position; 
Fig.- 10 is a partial cross-sectional view of the 
embodiment of Fig. 8, which shows the flange of 

30 the seal assembly depressed so that the ap- 
erture of the seal member is dilated by the 
pivoting dilator members; 

Fig. 11 is a cross-sectional view of another 
embodiment of the seal assembly of the present 

35 invention; 

Fig. 12 is an exploded view with parts separated 
of another embodiment of the seal assembly of 
the present invention; and 
Figs. 13 and 14 are progressive partial cross- 

40 sectional views of the embodiment of the seal 
assembly of Fig. 12, which show the operation 
of the seal assembly as a surgical instrument is 
inserted therein. 

45 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention contemplates the use of 
all types of endoscopic and laparoscopic surgical 

so instruments therethrough including, but not limited 
to, clip appliers, surgical staplers, lasers, endo- 
scopes, laparoscopes, forceps, photographic de- 
vices, graspers, dissectors, suturing devices, scis- 
sors, and the like. All of such devices are referred 

55 to herein as "instruments". 

The seal assembly of the present invention, 
either alone or in combination with a seal system 
internal to a cannula assembly, provides a substan- 
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tial seal between a body cavity of a patient and the 
outside atmosphere before, during and after inser- 
tion of an instrument through the cannula assem- 
bly. Moreover, the seal assembly of the present 
invention is capable of accommodating instruments 
of varying diameters, e.g., from 5mm to 15mm, by 
providing a gas tight seal with each instrument 
when inserted. The flexibility of the present seal 
assembly greatly facilitates endoscopic surgery 
where a variety of instruments having differing di- 
ameters are often needed during a single surgical 
procedure. 

Referring to the drawings, in which like refer- 
ence numerals identify identical or similar ele- 
ments, Figs. 1-4 illustrate a preferred embodiment 
J ' of the seal assembly of the present invention. Re- 
ferring initially to Fig. 1 in conjunction with Figs. 2 
and 2A, seal assembly 10 includes a housing in the 
form of bellows 12 having knurled collar 14 at- 
tached thereto by any suitable means such as 
adhesives, heat welding, etc. Bellows 12 is fab- 
ricated from a resilient material, e.g., isoprene, to 
facilitate the movements described hereinbelow 
and is preferably about 1 to about 4cm in axial 
dimension when at rest. 

Knurled collar 14 serves to adapt bellows 12 
for removable attachment to cannula assembly 16. 
In a preferred embodiment of the invention, seal 
assembly 10 is detachably mounted to cannula 
assembly 16 through a bayonet attachment, and 
knurled collar 14 facilitates the rotation of seal 
assembly 10 relative to cannula assembly 16 in 
effectuating the bayonet attachment. Printed indicia 
17 and 17A assist the surgeon in aligning knurled 
collar 14 with cannula assembly 16 and inclined 
cam surface 45 guides an internal projection (not 
pictured) on knurled collar 14 to flat 47, whereby 
seal assembly 10 is detachably mounted to can- 
nula assembly 16. Preferably, cannula assembly 16 
includes a second inclined cam surface and flat on 
the opposite side thereof to cooperate with a sec- 
ond internal projection on knurled collar 14 to pro- 
vide optimum stability to the interface between 
cannula assembly 16 and seal assembly 10. How- 
ever, any suitable attaching means may be utilized, 
such as, for example, any quick connect mecha- 
nism. 

Seal assembly 10 further includes a first seal 
means, such as gasket 18, which is preferably 
fabricated from a resilient elastomeric material, 
e.g.. isoprene. Gasket 18 is provided with aperture 
20 "formed centrally therethrough and preferably 
includes a proximaily ' directed ' convolution which 
increase the flexibility and resilience thereof. Ap- 
erture 20 is preferably on the order of 4.5mm in 

diameter^so *that-aperture-20 has a diameter which 

is less than the smallest diameter instrument which 
is likely to be utilized therethrough during the 
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course of an endoscopic surgical procedure. Gas- 
ket 18 is securely affixed to bellows 12 so as to 
form a fluid tight seal along periphery 22. Alter- 
natively, gasket 18 may be formed integrally with 

5 bellows 12 by known manufacturing processes, 
e.g., injection molding 

Seal assembly 10 may also include additional 
sealing structures, such as gasket member 24, 
which may serve a variety of purposes.- For exam- 

io pie, gasket member 24 may simply function as a 
washer to ensure that seal assembly 10 is inter- 
nally sealed. Alternatively, gasket member 24 may 
serve to sealingly engage instruments inserted 
through seal assembly 10 when aperture 20 of 

15 gasket 18 is stretched around the exterior face of 
dilator 28, as discussed below. Gasket member 24 
is also preferably fabricated from a resilient 
elastomeric material, e.g., isoprene. An aperture 26 
is formed through the center of gasket member 24 

20 having a greater diameter than the diameter of 
aperture 20 in gasket 18. For example, if gasket 
member 24 is intended to sealing engage instru- 
ments passed therethrough and if aperture 20 is on 
the order of 4.5mm. aperture 26 is preferably on 

25 the order of 9 to 10mm. In this way, gasket 24 will 
sealingly engage surgical instruments which are 
inserted through seal assembly 10 having a diam- 
eter of 9mm and greater. 

Seal assembly 10 further includes dilating 

30 means such as dilator 28 which is preferably made 
of a rigid polymeric material, e.g., ABS (ac- 
rylonitrile-butadienestyrene) or a suitable polycar- 
bonate material. Dilator 28 has a passageway 30 
formed therein which allows for passage of instru- 

35 ments therethrough. Flange 32 is formed at distal 
end 34 of dilator 28 and is configured and dimen- 
sioned for attachment to knurled collar 14, e.g, by 
an appropriate adhesive, sonic welding or the like. 
Inner wall 33 of dilator 28 is preferably of substan- 

40 tially uniform diameter, whereas the outer face 35 
of dilator 28 preferably includes an inwardly ta- 
pered portion 39 at its proximal end. Inwardly ta- 
pered portion 39 facilitates interaction of dilator 28 
with gasket 18 when dilator 28 acts to spread 

45 aperture 20 thereof. The inner diameter of dilator 
28 is selected to accommodate free passage of the 
instrumentation to be used therethrough and is 
typically on the order of 13 to 14mm. Different 
internal diameters may be selected, however, 

so based on the instrumentation seal assembly 10 is 
intended to accommodate. Dilator 28 also option- 
ally includes vent 29 which permits gas commu- 
nication tHerethrough. Vent 29 facilitates the col- 
lapse of bellows 12, as discussed below, by provid- 

55 ing a path of egress for the air located between 
outer face 35 of dilator 28 and bellows 12. Option- 
ally, a plurality of vents may be circumferentially 
and/or axially spaced around dilator 28 to facilitate 

5 
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such air egress. 

Referring to Fig. 2A, cannula assembly 16 in- 
cludes cannula housing 40 and cannula 42 which is 
attached thereto and which extends distally there- 
from. Cannula assembly 16 preferably includes a 
second seal means, such as distally directed duck- 
bill 44 mounted in interior region 46 of cannula 
housing 40. Duckbill 44 provides a substantially 
fluid-tight seal when communicating with an insuf- 
flated body cavity to substantially prevent escape 
of gases and fluids from inside the body cavity 
when no instrument is present in cannula assembly 
16. Cannula assembly 16 also preferably includes 
a second gasket 49 fabricated from a resilient 
elastomeric material, e.g., isoprene. Second gasket 
49 is provided with aperture 51 formed centrally 
therethrough. The diameter of aperture 51 may 
range widely, e.g. from 3mm to 15mm, based on 
the diameter of cannula 42 which defines the in- 
strument sizes cannula assembly 16 is generally 
intended to accommodate. Depending on the diam- 
eter of aperture 51 , second gasket 49 is adapted to 
sealingly engage surgical instruments of greater 
diameter with respect thereto. 

The operation of seal assembly 10 in conjunc- 
tion with cannula assembly 16 will now be de- 
scribed with reference to Figs. 3 and 4. Prior to 
insertion of a surgical instrument, such as instru- 
ment 48, duckbill member 44 provides a fluid-tight 
seal to cannula assembly 16. Seal assembly 10 is 
mounted to cannula assembly 16 and is in a first or 
at-rest position with bellows 12 fully extended in 
the axial direction as shown in Fig. 3. In this 
position, seal assembly 10 can receive surgical 
instrumentation having a diameter which closely 
corresponds to the diameter of aperture 20 in gas- 
ket 18 with minimal insertion force required. Thus, 
if the diameter of aperture 20 is on the order of 
4.5mm, seal assembly 10 may receive surgical 
instruments of up to about 7mm with minimal inser- 
tion force. However, with larger diameter instru- 
ments, e.g., instruments on the order of 10 to 
12mm in diameter, the insertion force required by 
the user with seal assembly 10 in the position 
shown in Fig. 3 increases substantially. 

To reduce the force required to introduce such 
a larger diameter instrument 48 through aperture 
20, flange 36 fabricated from a rigid polymeric 
material, e.g., ABS, is urged distally by the user, 
thereby translating gasket 18 with respect to dilator 
28. This relative translation causes aperture 20 of 
gasket 18 to stretch around the inwardly tapered 
portion 39 of dilator 28, as shown in Rg. 4. This 
relative translation also causes bellows 12 to col- 
lapse and causes air egress through vent 29 into 
passage 30 of dilator 28, thereby preventing un- 
desirable air compression in the region between 
dilator 28 and bellows 12 which would increase the 



force required to translate flange 36. As shown in 
Fig. 4, the resilience of gasket 18 allows distortion 
of a portion of gasket 18 to a substantially tubular 
orientation in conforming abutment with the outer 
5 face 35 of dilator 28. Instrument 48 can now be 
inserted through passage 30 within dilator 28 of 
seal assembly 10 and through cannula assembly 
16 with minimal insertion force. Gasket member 24 
and/or second gasket 49 sealingly engage instru- 
10 ment 48 as it passes therethrough. Thus, at the 
point instrument 48 passes through duckbill mem- 
ber 44, a fluid-tight seal within cannula assembly 
16 and seal assembly 16 is nonetheless ensured 
by the interaction between instrument 48 and gas- 
15 ket member 24 and/or second gasket 49. 

Once instrument 48 is inserted through dilator 
28, flange 36 may be released by the user. De- 
pending on the degree to which bellows 12 was 
collapsed and the degree of resilience of gasket 20 
20 and bellows 12, bellows 12 may resume its initial 
at-rest position (as shown in Fig. 3) without further 
impetus by the user. However, if the forces exerted 
by gasket 20 and bellows 12 are insufficient to 
automatically return bellows 12 to its initial at-rest 
25 position, the user may raise flange 36 relative to 
cannula assembly 16, thereby inducing bellows 12 
to resume its at-rest position. In either event, return 
of bellows 12 to its initial at-rest position allows 
gasket 18 to close around instrument 48, providing 
30 an ancillary fluid tight seal. The resilience of gasket 
18 and the presence of convolution 19 advanta- 
geously facilitate some degree of axial movement 
of instrument 48 with respect to seal assembly 10 
without any translation of instrument 48 with re- 
35 spect to gasket 18. Rather, gasket 18 retains a 
fixed arcuate line of contact with instrument 48 by 
resiliently deflecting with the movement of instru- 
ment 48, alternately assuming convex and concave 
orientations with the axial movement of instrument 
40 48. Thus, the resilience of gasket 18 together with 
the presence of convolution 19 reduces the force 
required for limited movements of instrument 48, 
while also serving to stabilize instrument 48 within 
seal assembly 10 and cannula assembly 16. 
45 A printed indicia, e.g., a transverse line, may 

be provided on outer face 35 of dilator 28 to 
indicate the point at which bellows 12 is sufficiently 
collapsed to prevent its automatic return to its initial 
at-rest position. Thus, if the user desires to utilize 
50 instrument 48 within the body cavity with seal 
assembly 10 in the position shown in Fig. 4, i.e., 
with bellows 12 in its collapsed position, the user 
may simply urge flange 36 distally to the extent 
necessary to move gasket 18 below the printed 
55 indicia on the outer face 35 of dilator 28. 

If bellows 12 is returned to its initial at-rest 
position and it is desired to remove instrument 48 
from cannula assembly 16 and seal assembly 10, 
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the user may repeat the steps described 
hereinabove to expand the diameter of aperture 20, 
thereby facilitating passage of instrument 48 with 
minimal force. Similarly, if it is desired to remove a 
specimen from within the body cavity, the user 
may repeat the steps described hereinabove to 
expand the diameter of aperture 20 to facilitate 
specimen passage. The user may also, if desired 
and in the absence of a surgical instrument in- 
serted therethrough, detach seal assembly 10 from 
cannula assembly 16 at any point during the sur- 
gical procedure to advantageously employ surgical 
instruments through the low profile cannula assem- 
bly provided according to the invention. 
*- * Another embodiment of the seal assembly of 
* the present invention is illustrated in Figs. 5-7. Seal 
assembly 110 is similar to seal assembly 10. Struc- 
" tures which are similar to structures in seal assem- 
bly 110 are designated with reference numerals 
similar to those of seal assembly 10 except a 
." leading "1" has been added. With the exceptions 
noted below, operation of seal assembly 110, as 
shown in Figs. 6 and 7, is as described in connec- 
tion with seal assembly 10 and Figs. 3 and 4 
hereinabove. 

Referring to Figs. 5 and 5A, seal assembly 110 
includes a rigid outer structure which comprises 
frame 150 which is preferably made of a ABS or a 
polycarbonate material. Frame 150 is in the form of 
a cage which is bounded at its proximal end by 
face 152 which is preferably bonded thereto, e.g., 
by an adhesive, sonic welding or the like. Frame 
150 includes an annular base portion 154 to which 
diliator 128 is affixed, e.g., by an adhesive or sonic 
welding, and four rigid, proximally-directed arcuate 
portions 156, each having a notch 158 formed 
thereon. Flange 136 is provided with four arcuate 
slotted cut-outs 160 which may be cooperatively 
aligned with arcuate portions 1 56. 

Dilator 128 includes a substantially tubular, dis- 
tally-directed extension 161 which extends distally 
beyond the annular base portion 154 of frame 150. 
Extension 161 serves to dilate aperture 151 of 
gasket member 149 when seal assembly 110 is 
mounted to cannula assembly 116. The dilation of 
aperture 151 by extension 161 further reduces the 
force required to introduce an instrument thereth- 
rough. The presence of extension 161 on dilator 
128 militates in favor of returning bellows 112 to its 
initial at-rest position after an instrument is inserted 
therethrough so that gasket 118 may sealingly en- 
gage the shaft thereof. In that regard, bellows 112 
is biased proximally toward its initial at-rest position 
by spring 162 and bearing ring 164. 

When urged distally to collapse bellows 112 

_^ and i.expand' aperture! 120 of gasket 118 around 

dilator 128, flange 136 may be rotated clockwise, 
thereby locking flange 136 under notches 158 
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against the bias of spring 162, bearing ring 164, 
and the resilience of bellows 112 and gasket 118. 
The interaction between flange 136 and notches 
158 of frame 150 provides an alternative means for 

5 maintaining bellows 112 in its collapsed position. 
As noted above, the retention of any bellows of the 
present invention in a collapsed configuration may 
be advantageous if it is desired to utilize a surgical 
instrument within the body cavity without the shaft 

w of the instrument being engaged by the gasket (18, 
118). With flange 136 locked under notches 158, 
aperture 120 is maintained in its expanded position 
around the exterior face 135 of dilator 128 until 
released by the user. Another embodiment of the 

75 seal assembly of the present invention is illustrated 
in Figs. 8-10 as seal assembly 210 which is similar 
in certain respects to seal assemblies 10 and 110. 
Structures which are similar to corresponding struc- 
ture in seal assemblies 10 and 110 are designated 

20 by the same numerals except that a leading "2" 
has been added for clarity and consistency. 

In seal assembly 210, dilator 228 is movable 
relative to duckbill 244 which performs the assem- 
bly's sealing function. Other seal members may be 

25 provided in addition to or in place of duckbill 244, 
as for example, one or more gaskets as described 
hereinabove. Dilator 228 is provided with extended 
members 228a and 228b pivotably mounted there- 
to and tab portions 264 to facilitate movement of 

30 dilator 228 in a distal direction. Dilator 228 is bi- 
ased in a proximal direction by spring 262 which 
bears against collar 266. Collar 266 also serves as 
a camming surface for extended members 228a 
and 228b during distal motion of dilator 228 as best 

35 be seen in Figs. 9 and 10. 

In operation, as illustrated in Figs. 9 and 10, 
when it is necessary or desirable to insert a large 
diameter instrument, e.g., an instrument having a 
diameter on the order of 7 to 15mm, dilator 228 is 

40 moved distally by advancing tabs 264 relative to 
cannula assembly 240. Extended members 228a 
and 228b contact collar 266 and are cammed 
thereby so that extended members 228a and 228b 
pivot to spread open the slit of duckbill 244 as 

45 illustrated in Fig. 10. Instrument 248 is then in- 
serted through seal assembly 210 and tab portions 
264 are released to allow duckbill 244 to close 
around instrument 248. As noted above, other seal 
configurations may be readily used to supplement 

so or replace duckbill 244. For example, a planar seal 
member having a central aperture or slit may be 
utilized in which event extended members 228a 
and 228b will serve to expand the size of the 
aperture or slit in the same manner as described 

55 for expanding the slit of duckbill 244. 

Another embodiment of the seal assembly of 
the present invention is illustrated in Fig. 1 1 as seal 
assembly 310 which is most closely related in 

7 
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structure and operation to seal assembly 110 of 
Figs. 5-7, described above. Seal assembly 310 
differs from seal assembly 1 10 in that dilator 328 is 
conical and is fixed with respect to the frame 356. 
Gasket 318 is positioned distally of dilator 328 
when seal assembly 310 is in its initial at-rest 
position and is adapted for axial movement with 
respect thereto. Additional bellows 313 is secured 
to seal carrier flange 365 at its proximal end and to 
the distal portion of frame 356 so as to form a fluid- 
tight passageway therewithin. In order to dilate 
aperture 320 of seal 318, seal carrier flange 365 is 
pulled proximally as shown in phantom lines in Fig. 
1 1 , thereby translating gasket with respect to dila- 
tor 328 and expanding aperture 320 therearound. 
Proximal translation of seal carrier flange serves to 
collapse bellows 312 while simultaneously axially 
extending additional bellows 313. 

Another embodiment of the seal assembly of 
the present invention is illustrated in Figs. 12 to 14 
as seal assembly 410 which is incorporated in 
cannula housing sections 456a and 456b. A plural- 
ity of sealing elements such as overlapping sealing 
members 470 and conical gasket 472 are provided, 
as well as reinforcing and penetration prevention 
means such as conical members 474 which include 
overlapping tab portions for spreading and protect- 
ing gasket 472 . Members 476, preferably of an 
elastomeric material, are provided to substantially 
seal the interior passageway formed by the tubular 
extension of cannula housing sections 456a and 
456b. Collar member 478 is provided and adapted 
for attachment to the distal end of cannula housing 
sections 456a and 456b. 

Dilator 428 includes ears 429 which extend 
through windows 480 formed in cannula housing 
sections 456a and 456b. When the surgeon desires 
to introduce an instrument of relatively large diam- 
eter, the surgeon may advance ears 429 and thus 
dilator 428 relative to cannula housing 456. Conical 
members 474 and gasket 472 which are positioned 
distal to dilator 428 are fixed with respect to can- 
nula housing 456 and, therefore, distal movement 
of dilator 428 serves to dilate elements 474 and 
conical gasket 472. 

Claims 

1. A seal assembly which comprises: 

(a) a housing; 

(b) a resilient first sea! member associated 
with said housing, said first seal member 
having an aperture formed therein for re- 
ceiving surgical instrumentation; 

(c) a dilating mechanism having an exterior 
face associated with said housing for dilat- 
ing said aperture of said first seal member; 

wherein said first seal member and said 



dilating mechanism are adapted for relative 
movement therebetween, said first seal mem- 
ber and said dilating mechanism assuming a 
first position wherein said aperture of said first 

5 seal member is spaced from said dilating 

mechanism and is adapted to receive surgical 
instrumentation of a first diameter with minimal 
insertion force, and assuming a second posi- 
tion wherein said aperture of said first seal 

10 member is stretched around said exterior face 

of said dilating mechanism for receiving sur- 
gical instrumentation of a second diameter, 
greater than said first diameter, with minimal 
insertion force. 

15 

2. The seal assembly of claim 1, wherein said 
housing is adapted to be associated with a 
cannula assembly. 

20 3- The seal assembly of claim 1 or 2, wherein 
said first seal member is substantially planar 
and is mounted transverse with respect to said 
housing. 

25 4. The seal assembly of any one of the preceding 
claims, wherein said housing comprises a bel- 
lows. 

5. The seal assembly of claim 5, wherein said 
30 bellows is adapted to assume an extended 

position which corresponds to said first posi- 
tion of said first seal member and said dilating 
mechanism , and a collapsed position which 
corresponds to said second position of said 
35 first seal member and said dilating mechanism 



6. The seal assembly of claims 4 or 5, wherein 
said bellows is encased within a frame. 

40 

7. The seal assembly of claim 6, wherein said 
frame further comprises a flange associated 
with said bellows for moving said bellows be- 
tween said extended position and said col- 

45 lapsed position. 

8. The seal assembly of any one of claims 4 to 7, 
further comprising biasing means for biasing 
said bellows to said extended position. 

50 

9. The seal assembly according to any one of the 
preceding claims, wherein said dilating mecha- 
nism includes a dilator member slidably moun- 
ted relative to said housing. 

55 

10. The seal assembly as in claim 9, wherein said 
dilating mechanism includes a pair of elon- 
gated members pivotably attached to said dila- 
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tor mechanism and extending therefrom such 
that upon sliding movement of said dilator 
mechanism , said pair of elongated members 
pivot and contact said first seal member, there- 
by causing said aperture to expand from said 5 
first position to said second position. 

11. The seal assembly as claimed in any one of 
the preceding claims, in association with a 
cannula assembly. 10 

12. The seal assembly of claim 2, wherein said 
cannula assembly includes a second seal 
member which is configured and dimensioned 

to provide a fluid-tight seal in the absence of 15 
an instrument passing therethrough. 
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FIG. I 
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FIG. 9 
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FIG. II 
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